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@ Method of recovering organic sulfur compound from liquid oil. 



@ The present relates to a method of recovering an organic sulfur compound useful from the viewpoint 
of industry from a liquid oil obtained from petroleum, oil sand, oil shale or coal. This recovery method 
comprises treating a liquid oil containing an organic sulfur compound with an oxidizing agent and 
separating the oxidized organic sulfur compound by separation means such as distillation, solvent 
extraction and/or adsorption means. The organic suHur compound Is recovered in the forni of a 
sulfoxide compound and/or a suifone compound. 
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The present invention relates to a method of recovering organic sulfur compounds useful from the viewpoint 
of industry in the fields of production of medicines, agricultural chemicals, heat-resistant resins, etc., from min- 
eral oils obtained from petroleum, oil sand, oil shale and coal, that is, liquid oils. 

It is known from oil that liquid oils obtained from petroleum, oil sand, oil shale and coal contain various 

5 organic sulfur compounds. In recent years, for example, sulfur compounds contained in a fuel o9 for diesel en- 
gines have attracted attention as one of the main culprits behind environmental pollution, and an urgent de- 
velopment of a usefuet desulfurization technique has been desired in the art. Thus, the organic sulfur com- 
pounds contained in mineral oils have been keenly regarded as a harmful substance, and the development of 
techniques aiming at removing the sulfur compounds has been made. 

10 A technique for recovering an organic sulfur compound from an industrial gas, such as a waste gas, is dis- 

closed in Japanese Patent Publication No. 26577/1978. In this method of recovering an organic sulfur conrt- 
pound from an industrial gas, a waste gas containing an organic sulfur compound is absorbed into a mineral 
oil under pressure to recover the organic sulfur compound as a high concentratk>n gas. Specifically, the method 
of recovering an organic sulfur compound comprises depressurizing the mineral oil. ak>sorbing the industrial 

15 gas containing an organic sulfur compound, diffusing the organic sulfur compound by steam, circulating the 
industrial gas through an absorption column for reuse and, at the same time, condensing a vapor mixture cohd- 
prising the diffused organic sulfur compound, the mineral oil and steam to separate the mixture into an oily 
layer and a watery layer, and contacting the gas generated by the depressurization with the oily layer to provide 
a gas containing the organic sulfur compound in a high concentration. This method of recovering an organic 

20 sulfur compound, however, is silent on the recovery of an organic sulfur compound from a mineral oil. 

U.S. Patent 3.341.448 by Ford discloses a method of oxidizing a sulfur compound contained In a hydro- 
carbon, which comprises oxidizing a sulfur compound contained in a hydrocarbon with an oxidizing agent and 
then thermally decomposing the resultant oxide in the presence of a catalyst in a hydrogen atmosphere at 
high temperature. In the Ford patent, the organic sulfur compound contained in a hydrocarbon is selectively 

25 oxidized and then decomposed at high temperature, so that the organic sulfiir compound contained in a hy- 
drocarbon Is not recovered in such a state that the original chemical structure Is maintained. 

U.S. Patent 2.749,284 by Noble discloses a method which comprises oxidizing a sulfur compound con- 
tained In a hydrocarbon with an organic peroxide into an oxide such as a sulfoxide or a sulfone. The organic 
peroxide disclosed in the Noble patent is poor in the oxidizing capability and the specific reactivity to the or- 

30 ganic sulfur compound (selectivity for the reaction with the organic sulfur compound). Therefore, it acts only 
on particular functional groups contained in a relatively small amount in the liquid oil, for example, thiol and 
dialkyi sulfides, and scarcely acts on chemically stable functional groups present in a large amount in gas oil 
and heavy fuel oil. such as benzothiophene and dibenzothtophene derivatives. 

U.S. Patent 4,830.733 by Nagji describes the use of an adsorbent for removing a sulfur compound from a 

35 fluid. Although the Nagji patent is one relating to the recovery of a sulfur compound from a fluid with an ad- 
sorbent, it discloses, in essence, only the recovery of hydrogen sulf Me from natural gas and does not relate 
to the adsorptton of the oxidized fluid. Further, the substance adsorbed thereby is mainly hydrogerr sulfide, 
and the use of a catalyst, maintenance, etc., are required of an apparatus for adsorit)ing the substance. 

Since, however, the organic sulfur compound contained in a mineral oil is very similar to the mineral oil 

40 per se In the physical and chemical properties, general separation and purification means, such as distillation 
or solvent extraction, are not effective. A met hod of separating and removing an organic sulfur compound, which 
is mainly used for this purpose at the present time, comprises reacting a mineral oil with hydrogen gas under 
violent reaction conditions of a high temperature and a high pressure In the presence of a catalyst to convert 
the organic sulfur compound into harmful hydrogen sulfide and separating the hydrogen sulfide. Such a hy- 

45 drogenating desulfurization method, however, cannot be applied when it is intended to isolate the organic sulfur 
compound from the mineral oil in such a state that the original chemical structure is maintained as much as 
possible to thereby utilizing the organic sulfur compound. 

An aim of the present invention is to isolate an organic sulfur compound from a mineral oil in such a state 
that the original chemical structure thereof In the mineral oil, that is. liquid oil, is maintained as much as possible 

50 to thereby utilize the organic sulfur compound by providing a method which comprises oxidizing an organic 
sulfur compound with an oxidizing agent and recovering the oxidized organic sulfur compound from the system 
by separation means, such as distillation, in a simple and economical manner. 

The present invention relates to a method of recovering an organic sulfur compound firom a liquid oil. which 
comprises treating a liquid oil containing an organic sulfur compound obtained from petroleum, oil sand, oil 

55 shale or coal with an oxidizing agent, separating the oxidized sulfur compound by distillation, solvent extraction 
and/or adsorption means to isolate the oxidized organic sulfur compound from the liquid oil. In this recovery 
method, the organic sulfur compound recovered is preferably a sulfoxide compound and/or a sulfone com- 
pound. 
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More preferably, the present invention relates to a method of recovering an organic sulfur compound from 
a liquid oil, comprising the steps of: 

treating the liquid oil at -20 to 140 ''C with an oxidizing agent selected from among an oxygen gas, air, 

5 an ozone gas, a chlorine gas, hydrogen peroxide, peracetic acid, performic acid, a mixture of hydrogen per- 
oxide water with formic acid, perbenzoic acid, a mixture of hydrogen peroxide water with t>enzoic acid, per- 
chloroacetic acid, a mixture of hydrogen peroxide water with chloroaceticacid, perdichloroacetic acid, a mixture 
of hydrogen peroxide water with dichloroacetic acid, pertrichloroacetic acid, a mixture of hydrogen peroxide 
water with trichloroacetic acid, pertrlfluoroacetic acid, a mixture of hydrogen peroxide water with trifluoroacetlc 

10 acid, permethanesulfonic acid, a mixture of hydrogen peroxide water with methanesulfbnic acid, hypochlorous 
acid, and an aqueous hypochlorite solution, 

oxidizing the organic sulfur compound contained in the liquid oil to thereby raise the boiling point and 
melting point of the organic sulfur compound and convert into an oxidized organic sulfur compound with a dif- 
ferent solubility based on the polarity of the nnolecule, and 

15 applying the system to a recovery treatment selected from among distillation, solvent extraction, low- 

temperature separation, adsorbent treatment and separation by washing to separate and remove the oxidized 
organic sulfur compound from the liquid oil through the utilization of differences in the boiling point melting 
point and/or solubility between the organic sulfur compound and the oxidized organic sulfur compound. 
In this recovery method, the liquid oil is preferably selected from among naphtha (b.p.: up to 30^*0), ga- 

20 soline (b.p.: 30 - 220 ''C), kerosine (b.p.: 220 - 300 ^'C), gas oil (b.p.: 300 - 360 ''C) and heavy fuel oil. 

An emtKKliment of the present invention comprises reacting the liquid oil with a peracid oxidizing agent or 
a hypochlorous acid oxidizing agent at a temperature in the range of from 0 to 1 40 ''C while agitating, separating 
an oily phase from the reaction mixture after the reaction, adding an aqueous alkali solution to the oil to wash 
the same, further washing the oil with water, and recovering the resultant oxidized organic sulfur compound. 

25 Another emt>odiment of the present invention comprises reacting the liquid oil with a gaseous oxidizing 

agent at a temperature in the range of -20 to 50 ''C while bubbling the gaseous oxidizing agent, adding a re- 
ducing agent to the reaction mixture for washing the oil, further washing the oil with water, and recovering the 
resultant oxidized organic sulfur compound from the oil. 

A further embodiment of the present invention comprises reacting the liquki oil with a gaseous oxidizing 

30 agent at a temperature in the range of -20 to 50 In the presence of a photosensitizer In such a manner that 
the gaseous oxidizing agent is bubbled while irradiating the reaction system with light, adding a reducing agent 
to the reaction mixture for washing the oil, further washing the oil with water, and recovering the resultant oxi- 
dized organic sulfur compound. 

A further embodiment of the present invention comprises treating the liquid oil with an oxidizing agent and 

35 distilling the treated liquid oil in the t>oiling point range of the liquid oil before the treatment in a rectifier to re- 
cover the oxidized organic sulfur compound as a distillation residue. 

A further, embodiment of the present invention comprises treating the liquid oil with an oxidizing agent, 
distilling the treated llqukl oil in the boiling point range of the Ikiuid oil before the treatment in a rectifier, and 
passing the distillate through a column packed with an adsorbent selected from among activated carbon, silica 

40 gel, alumina, and combinations of two or more of them to adsorb the oxidized organic sulfur compound on the 
adsorbent. 

A further embodiment of the present invention comprises treating the liquid oil with an oxidizing agent, 
cooling the treated liquid oil to a temperature at which insoluble components deposit, allowing the oil to stand 
as such, separating an oily component from the system by means of a filter or a separator and distilling the 

45 oil in the boiling point range of the liquid oil before the treatment in a rectifier to recover the oxkiized organic 
sulfur compound as a low-temperature insoluble and a distillation residue. 

A further embodiment of the present invention comprises treating the liquid oil with an oxidizing agent, 
cooling the treated liquid oil to a temperature at which insoluble components deposit, allowing the oil to stand 
as such, separating an oily component from the system by means of a filter or a separator, distilling the oil in 

so the boiling point range of the liquid oil before the treatment In a rectifier, and passing the distillate through a 
column packed with an adsorbent selected from among activated carbon, silica gel, alumina, and combinations 
of two or more of them to recover the oxidized organic sulfur compound remaining in the distillate. 

In the present invention, the organic sulfur compound contained in the liquid oil is preferably a thiophene 
compound which has a divalent sulfur atom and is chemically stable. The divalent sulfur atom of the thiophene 

55 compound is combined with oxygen by an oxidation reaction to convert the compound into a sulfoxide, a sulfone 
or a sulfonic acid containing a sulfur atom having a higher valency, and the formed sulfoxide, sulfone or sulfonic 
acid is recovered. 

In summary, the recovery method of the present invention comprises pretreating a liquid oil. that is. a min- 
eral oil with various oxidizing agents to convert an organic sulfur compound into an oxide with the original mo- 
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lecular skeleton thereof substantially maintained as such, and recovering the oxidized organic sulfur compound 
useful from the viewpoint of industry from the mineral oil in an efficient and simple manner at a low cost through 
the utilization of an accompanying change in the physical and chemical properties, such as the polarity, boiling 

5 point and melting point of the molecule. 

In the present invention, at the outset, an organic sulfur compound having a divalent sulfur atom and con- 
tained in a mineral oil is reacted with various oxidizing agents different from each other in the oxidizing capa- 
bility to convert the organic sulfur compound into a sulfoxide compound and a sulfone compound successively 
and the reaction product Is separated from other components and recovered through the utilization of a change 

10 in the physical and chemical properties of the reaction product caused by the chemical conversion. For ex- 
ample, the oxidized organic sulfur compound can be easily separated and recovered by distillation through 
the utilization of the fact that the boiling poiiit of the oxidized organic sulfur compound Is much higher than 
that of the organic sulfur compound In a nonoxidized state. Further, the oxidized organic sulfur compound can 
be selectively extracted and recovered through the utilization of a change In the solubility in various solvents 

15 based on an increase in the polarity of the molecule. 

Further, since the change in the chemical properties remarkably Improves also the adsorbability to ad- 
sorbents, such as silica gel or alumina, the adsorption, separation and purification with the use of an adosrbent 
can be easily conducted at a very high efficiency. Further, a combinatksn of the above-described separation 
and recovery methods can provkle more favorable results. 

20 Further, the method of recovering an organic sulfur compound according to the present invention enables 

only a particular group of organic sulfur compounds to t>e selectively isolated by conducting reactions while 
properly selecting the oxidizing agents through the utilization of the difference in the reactivity among the or- 
ganic sulfur compounds per se In the mineral oil in the oxidation reaction. Specif ically, when use is made of 
an oxidizing agent capable of selectively oxidizing an organic sulfur compound containing a divalent sulfur atom 

25 into a sulfoxide compound alone, the oxidized organic sulfur compound can be isolated as a sulfoxide. Further, 
when use is made of an oxidizing agent having a capability of oxidizing the organic sulfur compound into a 
sulfone compound, the oxidized organic sulfur compound can be isolated as a sutfone. The utilization of such 
a property that the reactivity remarkably changes according to the steric hindrance based on the change in 
the structure of the organic sulfur compound molecule enables a group of particular organk: sulfur compounds 

30 having such a steric hindrance to be selectively isolated by properly selecting the reactivity of the oxidizing 
agents. 

Further, in the method of recovering an organic sulfur compound according to the present invention, the 
mineral oil containing an organic sulfur compound Is selected from among crude oil, oil shale, oil sand, coat 
tar, liquefied oil of coal, petroleum products obtained directly therefrom, that is. naphtha, gasoline, kerosine, 
35 gas oil, heavy fuel oil, pitch and Indirect petroleum products obtained by chemical decomposition of the above- 
described mineral oils. 

Examples of the oxidizing agent which may be used in the method of recovering an organic sulfur com- 
pound according to the present invention include oxygen gas, air, nitrogen tetraoxide gas, ozone gas, chlorine 
gas. bromine, sodium metaperiodate, potassium bichromate, potassium permanganate, anhydrous chromic 

40 acid, hypochlorous acid, hydrogen peroxide, peracetic ackl, a mixture of hydrogen peroxide water with acetic 
acid, performic acid, a mixture of hydrogen peroxide water with formic acid, m-chloroperbenzoic acid, a mixture 
of hydrogen peroxide water with m-chlorobenzoic acid, perchloroacetic acid, a mixture of hydrogen peroxide 
water with chloroaceticacid, perdlchloroacetic add, a mixture of hydrogen peroxide water with dichloroacetic 
acid, pertrichloroacetic acid, a mixture of hydrogen peroxide water with trichloroacetic acid, pertrif luoroacetic 

45 acid, a mixture of hydrogen peroxide water with trif luoroacetic acid, permethanesulfonic acid, a mixture of hy- 
drogen peroxide water with methanesulfonic acid, persulfuric acid, and a mixture of hydrogen peroxide water 
with sulfuric acid. 

The method of recovering an organic sulfur compound according to the present invention comprises re- 
acting a mineral oil with an organic peracid oxidizing agent or an inorganic oxidizing agent at a temperature in 
50 the range of from 0 to 100 °C with stirring, separating an oil component after the completion of the reaction, 
adding water to the oil component to wash the same, and recovering the resultant oxidized organic sulfur com- 
pound from the liquid oil. 

Another embodiment of the method of recovering an organic sulfiir compound according to the present 
invention comprises treating a liquid oil with an oxidizing agent and then with an extractant selected from among 
55 acetonltrile. propionltrile, butyronitrile, nitromethane, nitroethane, nitropropane. nitrobenzene, dimethyl sulfox- 
ide, N.N'-dimethylformamide, N,N'-dimethylacetamlde, N-methylpyrrolidinone, trimethyl phosphate, triethyl 
phosphate, hexamethylphosphoric amide, phosphorane, and mixtures thereof with water In a concentration of 
from 0 to 50 % to recover the resultant oxidized organic sulfur compound from the liquid oil. 

Physical and chemical changes (solubility based on the polarity of the molecule) of the organic sulfur com- 
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pound formed by the oxidation reaction are important to the solvent extraction of the sulfoxide, sulfone, sulfonic 
acid, etc., formed by the oxidatoin of the organic sulfur compound present in the liquid oil. With respect to ox- 
idatoin products of benzothiophene and dibenzothiophene present in a large amount particularly in gas oil and 

5 heavy fuel oil, aprotic dipolar solvents, such as acetone and dimethylformamide (DMF), have much higher par- 
tition coefficients than those of alcohols such as methanol. Thus, the extraction of the oxidized organic sulfur 
compound contained in the liquid oil with the organic solvent exhibits the intended effect only when various 
sulfur compounds contained in the liquid oil can be oxidized at a good efficiency in a high yield. 

A further embodiment of the method of recovering an organic sulfur compound according to the present 

10 invention comprises treating the liquid oil with an oxidizing agent, passing the treated liquid oil through an ad- 
sorption column packed with an adsorbent selected from among activated clay, silica gel. alumina, and mixtures 
thereof to adsorb the formed organic sulfur oxide on the activated day, and desorbing and separating the ad- 
sorbed organic sulfur oxide with a solvent selected from annong methanol, et hand, propanol, butanol, acetone, 
acetonitrile, nitromethane, and mixtures thereof to recover the oxidized organic sulfiir compound from the liquid 

15 oil. 

A still furtherenibodimentof the method of recovering an organic sulfur compound according to the present 
invention comprises reacting a liquid oil fractoin obtained by distillation in the boiling point range as narrow as 
possible in a rectifying column with an oxidizing agent, separating an oil component, washing the oil component 
with water, and redistilling the oil component in the same boiling point range as that In the distillation of the 
20 liquid oil before the treatment with the oxidizing agent to concentrate and recover the resultant oxidized organic 
sulfur compound in the distillation residue. 

EXAMPLES: 

25 The method of recovering an organic sulfur compound according to the present invention will now k>e de- 

scribed with reference to the following non-limiting Examples. 

EXAMPLE 1 

30 1 00 ml of a gas oil (b.p. range: 300 - 360 ''C; combustible sulfur content: 0.53 % by weight) was cooled to 

0 °C in a 200-ml hard glass round-bottomed flask equipped with a homogenizer agitator, a reflux condenser 
and a gas blow tube and agitated for one hour while passing air containing ozone (about 1.0 %) into the gas 
oil. After the supply of ozone was stopped, only air was further passed into the gas oil for additional one hour, 
and agitation was continued for additional one hour while gradually raising the temperature of the flask to 20 

35 «C. 50 ml of a 2 N aqueous sodium sulfite solution was added to the reaction mixture to wash the same. After 
the reactton mixture was further washed with water, the gas oil layer and the tar layer were separated from 
each other. The gas oil layer was distilled in a rectifier to provide 92 ml of a fraction having a boiling point in 
the range of from 300 to 360 °C and 8 ml of a distillation residue. The distillation fraction had a sulfur content 
of 0.32 % and was mainly composed of benzothiophene and dibenzothiophene derivatives. The recovery of 

40 the organic sulfur compound in the distillation residue and the tar was 72 % in terms of sulfur, and the oxidation 
product was mainly composed of a sulfone compound. 

EXAMPLE 2 

45 100 ml of a gas oil (b.p. range: 300 - 360 °C; combustible sulfur content: 0.53 % by weight) was put in a 

200-ml hard glass round-bottomed f jask equipped with a homogenizer agitator and a reflux condenser and 10 
ml of hydrogen peroxide water (30 %) and 1 0 ml of formic acid were added thereto. After the mixture was stirred 
at 20 **C for one hour, the reaction temperature was raised to 50 ^'C, and stirring was continued for additional 
one hour. After the completion of the reaction, the reaction mixture was cooled to 0 °C and allowed to stand 

50 to separate tar and a gas oil layer followed by washing with a 2 N aqueous sodium sulfite solution and further 
with water. The gas oil layer was distilled In a rectifier to provide 86 ml of a fractton having a boiling point in 
the range of from 300 to 360 ""C and 12 mi of a distillation residue. The distillation fraction had a sulfur content 
of 0.04 % and was mainly composed of benzothiophene and dibenzothiophene derivatives. The recovery of 
the organic sulfur compound In the distillation residue and the tar was 97 % In terms of sulfur, and the oxidation 

55 product was mainly composed of a sulfone compound. 

EXAMPLE 3 

100 ml of a gas oil (b.p. range: 300 - 360 ''C; combustible sulfur content: 0.53 % by weight) was put in a 
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200-ml hard glass round-bottomed flask equipped with a homogenizer agitator and a reflux condenser and 10 
ml of hydrogen peroxide water (30 %) and 10 ml of dichloroacetic acid were added thereto. After the mixture 
was stirred at 40 ''C for one hour, the reaction temperature was raised to 70 ^'C, and stirring was continued for 

5 additional one hour. After the completion of the reaction, the reaction mixture was cooled to 0 ''C and allowed 
to stand to separate tar and a gas oil layer followed by washing with a 2 N aqueous sodium sulfite solution 
and further with water The gas oil layer was again separated, and 10 ml of nitromethane was added thereto. 
The mixture was vigorously stirred for one hour and allowed to stand, and the gas oil layer and the nitromethane 
layer were separated from each other. 96 ml of the resultant gas oil layer had a sulfur content of 0.03 % and 

10 was mainly composed of benzothiophene and dibenzothiophene derivatives. The recovery of the organic sulfur 
compound in the nitromethane solution and the tar was 97 % in terms of sulfur, and the oxidation product was 
mainly composed of a sulfone compound. 

EXAMPLE 4 

IS 

100 ml of a heavy fuel oil (combustible sulfur content 1.87 % by weight) was put In a 200-ml hard glass 
round' bottomed flask equipped with a homogenizer agitator and a reflux condenser and 10 ml of hydrogen 
peroxide water (30 %) and 10 ml of formic acid were added thereto. After the mixture was stirred at 30 ''C for 
one hour, the reaction temperature was raised to 50 "^C, and stirring was continued for additional one hour. 

20 Afterthe completion of the reaction, the upper layer of the reaction mbcture separated into two layers was sepa- 
rated by means of a separatory funnel and washed with a 2 N aqueous sodium sulfite solution and further 
with water. The heavy fuel oil layer was again separated and 50 ml of an aqueous N,N -dimethylformamlde 
solution containing 10 % of water was added thereto. The mixture was vigorously stirred at room temperature 
for one hour and allowed to stand, and the heavy fuel oil layer and the N.N'-dimethylformamide layer containing 

25 1 0 % of water were separated from each other. 93 ml of the resultant heavy fuel oil layer had a sulfur content 
of 0.21 % and was mainly composed of benzothiophene and dibenzothiophene derivatives. The recovery of 
the organic sulfur compound in the N,N -dimethylformamide solution and the tar was 89 % in terms of sulfur, 
and the oxidation product was mainly composed of a sulfone compound. 

30 EXAMPLES 

1 00 ml of a heavy fuel oil (combustible sulfur content: 1 .87 % by weight) and 20 ml of distilled water were 
put in a 200-ml hard glass round-bottomed flask equipped with a homogenizer agitator, a reflux condenser and 
a gas blow tube, and a reaction was allowed to proceed while bubbling a chlorine gas at 0 ^'C for one hour. 

35 After the completion of the reaction, the heavy fuel oil layer was separated by means of a separatory funnel 
and washed with a 2 N aqueous sodium sulfite solution and further with distilled water. The heavy fuel oil layer 
was again separated and 5 ml of trimethyl phosphate containing 10 % of water was added thereto. The mixture 
was vigorously stirred at room temperature for 2 hours and then allowed to stand to separate the mixture into 
a mineral layer and a layer of trimethyl phosphate containing 10 % of water. 92 ml of the resultant heavy fuel 

40 oil layer had a sulfur content of 0.35 % and was mainly composed of benzothiophene and dibenzothiophene 
derivatives. The recovery of the organic sulfur compound in the trimethyl phasophate solution was 83 % in 
terms of sulfur, and the oxidatksn product thereof was mainly composed of a sulfoxide compound. 

EXAMPLE 6 

45 

50 g of coal tar (combustible sulfur content: 0.67 % by weight) and 10 ml of benzene as a viscosity de- 
pressant were put in a 200-ml hard glass round-bottomed flask equipped with a homogenizer agitator and a 
reflux condenser and 5 ml of hydrogen peroxide water (30 %) and 1 0 ml of formic acid were added thereto to 
conduct a reaction at 40 *C for 3 hours. After the completion of the reaction, the coal tar layer was separated 

50 and washed with a 2 N aqueous sodium sulfite solution, and the coal tar layer was again separated. 100 ml 
of an N-methylpyrrolklinone solution containing 10 % of water was added thereto, and the mixture was vigor- 
ously stirred at room temperature for one hour and then allowed to stand to separate the mixture into a coal 
tar layer and an N-methylpyrrolidinone layer. The recovery of the organic sulfur compound in the N-methyl- 
pyrrolidinone solution was 79 % in ternis of sulfur, and the oxidation product was mainly composed of sulfone 

55 compounds of benzothiophene and dibenzothiophene derivatives. 

EXAMPLE 7 

100 ml of a gas oil (b.p. range: 300 - 360 °C; combustible sulfur content: 0.53 % by weight) was put in a 
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200-ml hard glass round-bottomed flask equipped with a homogenizer agitator and a reflux condenser and 10 
ml of hydrogen peroxide water (30 %) and 10 ml of formic acid were added thereto. After the mixture was vig- 
orously stirred at 20 ""C for one hour, the reaction temperature was raised to 50 ''C, and stirring was continued 

5 foradditlonal one hour. Afterthe completion of the reaction, the reaction mixture was cooled to 0 and allowed 
to stand to separate tar and a gas oil layer followed by washing with water. 95 ml of the gas oil layer was passed 
through a column packed with an adsorbent comprising a mixture of 2.5 g of alumina with 2.5 g of silica gel. 
The material adsorbed on the adsorbent was eiuted with 100 ml of acetone and recovered. The sulfur content 
of the resultant acetone solution was 0.51 %. In other words, the recovery of the organic sulfur compounds 

10 was 96 % in terms of sulfur, and the oxidation product was mainly composed of sulfone compounds of benzo- 
thiophene and dibenzothiophene derivatives. 

EXAMPLE-8 

15 A series of experiments were made to react various organic sulfur compounds with formic 

acid/hydrogenperoxide (30%) oxidation system. In a typical experiment, 10ml of formic acid and 10ml of hy- 
drogen peroxide(30%) were mixed, and then 100ml of cydohexane solution contained 0.02mole of organic sul- 
fur compound was added. The mbcture was vigorously stirred for one hour at 20 "C, and then the reaction tenrv 
perature was raised to 50 ®C and the stirring was continued for one more hour. Separation of the cydohexane 

20 layer was followed by washing with fresh water and drying over anhydrous MgS04, and It was analyzed by 
gas chromatography, infrared and magnetic resonance spectrometried. Results of these experiments are 
shown in Table 1. 



TABLE 1 



35 





Product (%) 


Sulfur Compound 


Sulfoxide 


Sulfone 


Unreacted 


Dibenzothiophene 


0 


98 


0 


Benzothiophene 


0 


87 


0 


Diphenylsulfide 


0 


99 


0 


Di-n-butylsutflde 


0 


9 8 


0 


Methylphenylsulfide 


0 


97 


0 



EXAMPLE-9 

40 

Commercial diesel fijel(sulftjr content; 0.53%) were treated with several oxidants and the organic sulfur 
components were separated by the N,N'-dimethylformamide (DMF)-extraction and the silica-gel absorption. 

A typical example was as follows: To 100ml of diesel fuel 0.2 moles of t-butyt hydroperoxide was added, 
and the mixture was vigorously stirred for one hour at room temperature and then one more hours at 80 ''C. 
45 After the reaction, the mixture was washed with aqueous NaaSOa solution and fresh water. The separated die- 
sel fuel layer was dried over anhydrous MgS04. The organic sulfur components in the resulted diesel fiiel was 
separated by the DMF-extraction and the silica-gel column chromatography. Results of these experiments are 
shown in Table 2. 

so 
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TABLE 2 







Sulfur content in fuel(%) 




Oxidant 


after DMF- 


after Si02- 






extracted •* 


absorbed ^> 


10 


None 


0-U6 


O.UU 




t- butyl hydroperoxide 


0-U1 


0.U2 


15 


KMnOu/water(30%) 


0.23 


0.18 




formic acid/H202 


0.02 


< 0.01 




(30%) 







a) Volume ratio of DMF/fuel was 1/1, shaked at room 
temperature 30 minutes. 

b) Weight ratio of SiOz/fuel was 1/20- 

c) Yield of recovered sulfur component with 
dichloromethane eluent was almost quantitative based on 
sulfur analyses. 



Claims 

1. A method of recovering an organic sulfur compound from a liquid oil, which comprises treating a liquid oil 
containing an organic suifur compound obtained from petroleum, oil sand, oil shale or coal with an oxidizing 

40 agent, separating the oxidized organic sulfur com pound by distillation, solvent extraction and/or adsorption 

means to isolate the oxidized organic suifur compound from said liquid oil. 

2. A method of recovering an organic sulfur compound from a liquid oil according to claim 1, wherein the 
organic sulfur compound recovered is a sulfoxide compound and/or a sulfone compound. 

45 

3. A method of recovering an organic sulfur compound from a liquid oil according to claim 1 , comprising the 
steps of: 

treating said liquid oil at -20 to 140 °C wit h an oxidizing agent selected from annong an oxygen gas, 
air, an ozone gas, a chlorine gas, hydrogen peroxide, peracetic acid, a mixture of hydrogen peroxide water 
QQ with an acid, performic acid, a mixture of hydrogen peroxide water with formic acid, perbenzoic acid, a 

mixture of hydrogen peroxide water with benzoic acid, perchtoroacetic acid, a mixture of hydrogen per- 
oxide water with chloroacetic acid, perdichloroacetic acid, a mixture of hydmgen peroxide water with di- 
chloroacetic acid, pertrichloroacetic acid, a mixture of hydrogen peroxide water with trichloroacetic acid, 
pertrif luoroacetic acid, a mixture of hydrogen peroxide water with triftuoroacetic acid, permethanesulfonic 
acid, a mixture of hydrogen peroxide water with methanesulfonic acid, hypochlorous acid and an aqueous 
hypochlorite solution, 

oxidizing the organic sulfur compound contained In the liquid oil to thereby raise the boiling point 
and melting point oi the organic sulfur compound and convert into an oxidized organic sulfur compound 
with a different solubility based on the polarity of the molecule, and 
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applying the system to a recovery treatment selected from among distillation, solvent extraction, 
low-temperature separation, adsorbent treatment and separation by washing to separate and remove the 
oxidized organic sulfur compound from the liquid oil through the utilization of differences in the boiling 
5 point, melting point and/or solubility between the organic sulfur compound and the oxidized organic sulfur 

compound. 

4. A method of recovering an organic sulfur compound from a liquid oil according to claim 1 , wherein the 
liquid oil is selected from among naphtha (b.p.: up to 30 ""C), gasoline (b.p.: 30 - 220 ''C), kerosine (b.p.: 

to 220 - 300 **C), gas oil (b.p.: 300 - 360 ''C) and heavy fuel oil. 

5. A method of recovering an organic sulfur compound from a liquid oil according to claim 1 , which comprises 
reacting said liquid oil with a peracid oxidizing agent or a hypochlorous acid oxidizing agent at a temper- 
ature in the range of from 0 to 140 ^'C while agitating, separating an oily phase from the reaction mixture 
after the reaction, adding an aqueous alkali solution to the oil to wash the same, further washing the oil 
with water, and recovering the resultant oxidized organic sulfur compound. 

6. A method of recovering an organic sulfur compound from a liquid oil according to daim 1 , which comprises 
reacting said liquid oil with a gaseous oxidizing agent at a temperature in the range of -20 to 50 ""C while 
bubbling the gaseous oxidizing agent, adding a reducing agent to the reaction mixture for washing the 

^ oil, further washing the oil with water, and recovering the the resultant oxidized organic sulfur compound 

from the oil. 

7. method of recovering an organic sulfur compound from a liquid oil according to claim 1 , which comprises 
reacting said Ik^uid oil with a gaseous oxidizing agent at a temperature in the range of from -20 to 50 °C 
in the presence of a photosensitizer in such a manner that the gaseous oxidizing agent is bubbled while 
irradiating the reaction system with light, adding a reducing agent to the reaction mbcture for washing, 
the oil, further washing the oil with water, and recovering the resultant oxidized organic sulfur compound. 

8. A method of recovering an organic sulfur compound from a liquid oH according to claim 1 , which comprises 
30 treating the liquid oil with an oxidizing agent and distilling the treated liquid oil In the boiling point range 

of the liquid oil before the treatment in a rectifier, to recover the oxidized organic sulfur compound as a 
distillation residue. 

A method of recovering an organic sulfur compound from a liquid oil according to daim 1 , which comprises 
treating the liquid oil with an oxidizing agent, distilling the treated liquid oil in the boiling point range of 
the liquid oil before the treatment in a rectifier, and passing the distillate through a column packed with 
an adsorbent selected from among activated carbon, silica gel, alumina, and combinations of two or more 
of them to adsorb the oxidized oi^anic sulfur compound on the adsorbent 

40 1 0. A method of recovering an organic sulfur compound from a liquid oD according to daim 1 , which comprises 
treating the liquid oil with an oxidizing agent, cooling the treated liquid oil to a tempearture at which in- 
soluble components deposit, allowing the oil to stand as such, separating an oily component from the sys- 
tem by means of a filter or a separator, and distilling the oil in the boiling point range of the liquid oil before 
the treatment in a rectifier to recover the oxidized organic sulfur compound as a low-temperature Insoluble 

45 and a distillation residue. 

11. Amethod of recovering an organic sulfur compound from a liquid oil according to claim 1 , which comprises 
treating the liquid oil with an oxidizing agent, cooling the treated liquid oil to a temperature at which in- 
soluble components deposit, allowing the oil to stand as such, separating an oily component from the sys- 

gQ tem by means of a filter or a separator, distilling the oil in the boiling point range of the liquid oil before 

the treatment in a rectifier, and passing the distillate through a column packed with an adsorbent selected 
from among activated carbon, silica gel. alumina, and combinations of two or more of them to recover the 
oxidized organic sulfur compound remaining in the distillate. 

12. A method of recovering an organic sulfur compound from a liquid oil according to claim 1, wherein the 
organic sulfur compound contained in said liquid oil is a thiophene compound which has a divalent sulfur 
atom and is chemically stable, and the divalent sulfur atom of the thiophene compound is combined with 
oxygen by an oxidation reaction to convert the compound into a sulfoxkJe, a sulfone or a sulfonic acid 
containing a sulfur atom having a higher valency. 
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